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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a permanent protection hard mask 
for protecting the dielectric characteristics of a main dielectric layer that 
has undesired low permittivity of a semiconductor device due to undesired 
increase in permittivity, undesired increase in current leakage, and a low 
device yield caused by surface scratch, when a continuous treatment 
processing is conducted. 

SOLUTION: This protection hard mask has a one- or two-layer sacrificial 
hard mask that is especially effective, when interconnection structure such 
as a via opening and/or a line is formed between low-permittivity materials, 
while a final product is manufacture. The sacrificial and permanent hard 
masks are formed of the same precursor substance in a single process, 
where process conditions are changed for giving a film having different 
permittivity. Most preferably, dual damascene structure has three-layer 
hard masks 40, 50, and 60 that are formed on the inter-level dielectric with 
bulk low permittivity, before the interconnection structure of the inter-level 
dielectric is formed. 
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* * m a* n «r t h& $ ax 5 ft^««?aftt; iotii 
-rsxst, 
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BJK*jK«:ffl^5J:5<c*-©ft*XS-Cff?, »** 

1 2 liEftw^jSfe. 
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f4, Sft5 2«Srofi-i|£(-J: 19 ftS/Vu^(SSI?iW^Sr 
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LD) 3 0 5:Mf ttt^o 
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» 7 0 0 n m^jf iiftff $ Sr*i-5^PHI^ y 
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nm«)*St:*-t-5ft:¥ftriM*fS i COHlCg^<t« 
i/Vfr-btfy* (OSG) TfcSo Ztofomiztt-fZ 

s i coHitfi, itv^»*ft-ef*»f b#Tt£. 

x Tiwst h7v^o*ty (S i ^ C. 04 
Hi.) (TMCTS) ^it/^^^^^yUv-^DT 1 h7 
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->P*i>->' (S i« Cs <3« H 24 ) (OMCTS) <DX 

^^^^x^fb^*^a (pecv 

D) rtT^^S^fc^l-Mfr^^^T^^^irTfo 
5 0 #igftmj|g»»ll TMCTSt$)6 B <t^3<£> 
tt, TMCTSfl ±lE£#S:JKlfcU ftRFtSt* 
BK^flPSft, lot, PECVD^otX^ 

PECVDtf*^ 2o(D7-«, -fftfrt, RF 10 

«OJK#tt?r^r-r5S i COHS:fp»-f-5r t*s-ct 

**^jJ*Btte*;h/C^5. MBfeKoHMBtt, s i - 

t-H TMCTST*fc5 0 SuffitoKH 30-7 5 0 s 
c cin-e«Eix5«S, jJiBfcH;, 100-500sccm 
T*fc£ 0 faif JE^fl jftl 3. 3-666. 6Pa (1 
00-5000 mT or r) Xh 9 , SFSfctt, 6 20 
6. 6 — 3 9 9. 9 Pa ( 5 0 0 - 3 0 0 0 mT o r 
r) X*S>Z> 0 ftXtmMtt, fi2 5-4 5 0tt*fc9, 
Wctt, #5)1 0 0-4 0 01CTS>5. f«&$*l5RF« 
fi5-4 0 0WC*)5 c 
[0 0 2 2] JfilMH ^35 nm<7)J!£(DPE 

CVDZKftv'y = ^SrStf* 1 0-2 0 0 nmtf)ff 

SffilCfl ^15 0 n m (DjfC ^(DPECVD^U ^ >^ 
4 Yy«< KSr£tf, ttl 0-2 0 0 nmOfSttti 
$3©/N-K^^i6 0^ f+*^ix5o Sfefc, ^ 30 
50, 6 OH PECVD^y^y 

h y4 K, s/ya^-zMK, 7^7r^*i 

K, OSG, ZLmt^V^>, *«'>n^^v^y-7 

/wir^^r^i^v^^^, *fcfy;i->;tf5* (SO 
G) , 7?m{t*tz\±#7ym<ki<'Vtr-htf7X$:% 

[0023] m0-200nnu S90n 
m<^ffilc<&Kltl»JkSJIJI (ARC) 7 0£, 40 
*^!±ictt5f1-5r 5. 1)2 0 0-1 

OOOnnu ifill^li^5 0 0 nm<Off £<£>:7;*- Y\s*s 

^>S<Oy^( i/V"<jv • — >T*^ y s f-l/Jf£txZ>o & 

f->^ . Xnir^ffl^T, »3^-Kv^?6 0l: 

Jl8 0*5±VSItBSJt»M7 0iiS(ft**n, 
^£ftfcf!3tfVN-K^**Jf 6 0£SH\ ^iSiC 50 
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it, $$3<D^~ K-v^^Stt, 0-500sccm (st 
andard cubic centimeters per minute) CO A r , 0 — 

5 0 0 sccm(OCO, 1 — 20sccmC( F 8 , 0 
-20sccmC7)O2 (D^m*. 0-2 0 0 OWCD^ 
iiSfl;^J:U ? 0-2 0 0 0W<DffiJHjfc«agT\ 
3-133. 3Pa m 10-1000 mTorr) <D 
JE^"Cffil/^"C\ Fremont, CaliforniaCOLam researchCor 
p^fbmodel 4520XL"C|SS^tlTV^5 7 P y XV - 
■YX^yJ-^y&inZo 7*Y\sV*y\$^ 1 — 100 
0sccm(^)SlOO2 Sr, 0-2 0 0 0W(DJlMfc 
±tWfiJBtt"C% ttl. 3-133. 3Pa 0^1 0-1 
OOOmTorr) flE*T*fflV^T, iSJtl^ 0 »3ff> 

(7)/n- K^^I5 Oj&s^s/^^Six&^J; o\zm$l 
^2<7Vn— K-e-x^^s, /^-y9 0| 

[0 0 2 4] H3t£*i-J;5fc* i30/^K"7X^i 

6 Oftlc^^Jf^^-v^ 0&JKfiJcUt«, 'MT 

^•7thyy^77>f[t ^10-200 

at-ttft9 0 nm©J»Sfc*+5RJtB&jh«Wil 0 0 
^200-1000nm. jffSl-H^ 5 0 0 n m£> 

W^^ir^y^ hi/^ hJf 1 l ot^f+#i-5XS 

Sr^tfo ^—5^1 2 0^\ 7;* h 1/^7 YM 1 0 0(C 
JE5j*Stl536S, >f^-^9 0(I^C77>f>^f^ 

^SrfflV^T, 7^ H/^ hJB 1 1 OfttfM^-v^ 
SWKih^SSl 0 0, 13, jB2, ll^-K^ 
^16 0, 5 0, 4 OSrST, ^/U^(SR«*I LD3 

^^y^^^H Santa Clara, CaliforniaCO Applied Mat 
erials Corp. fa £>B55c £2xT1/ x 5 ^7 X-v • ^i^f-^ • 
^T^ I P S TfTfrtlSo 0 - 5 0 0 s c c m<7) A r , 
0 — 20sccm(^C4 F 8 , 0 — 1 0 0 s c c m<DC 
2 F 6 , 0 — 1 0 0 s c c m<DCHF 3 , 0— 100s 
ccm<7)CF4 , 0 — 1 0 0 s c c m(00 2 , 0—10 
0sccmCON 2 , 0— 1 0 0 s c c m(DCO, 0 — 1 
00sccmC0CO 2 Sr. 0 — 1 0 0 0 U y 
tt*:rtlFBajR*5j:V4 00-25007 y 
tz^%MX\ 0-1 4 0 077K^7^JtlT, 
#3 0. 1-13. 3Pa m 1-100 mTorr) (D 

5o ^-K-7^^14 0, 5 0, 6 OtSkXf ?1&ffi 
«W»3 0I4, UT(D&WTX\ x^f^sns. 
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i~fet>h, 0 — 5 0 0 s c c m<DA r , 0 — 20scc 
m<OC< F 8 , 0-100sccm(7)C2 F 6 , 0 — 1 
0 0 s c c m(7)CHF3 , 0-1 0 0 s c cm^CF 
a , 0 — 1 0 0 s c c mCOOi , 0-100sccmO 
N 2 , 0— 1 0 0 s c c m<7)CO, 0 — 1 0 0 s c c m 

<ocoz *\ o-i 00175/ h^Rjtsjxfcrtttiaias 

itf400-2 5 00!7yh $ ftfc*MWtjR-C, 

o-i40oy^/M:/M7^$nt, ^o. 1-1 

3. 3Pa (*?J 1 — 1 0 OmTo r r) ©BE* T'JBl* 
5o 10 
[0 0 2 5] -C^-v?l 2 0iS>f^-^9 0t77>fy 
aFftTV^t^^Ctt, ^>-v?12 0^t^3o 
5 0, 4 0£jgTiE^£ft5J: 

[0 0 2 6] 0 5fi, 7* h Uv?* Ml 10M^- 
^120^ I LD 3 0{Cte¥tT, 

-f T 1 2 5«r»fifci-5*^«r*i-. RWM^ 7*M^ 
* Mi i 0isj:t5RitlSJt««a i oote, '<jtj& 20 

«Cx^fy^Jix5 o /qrWtt, Applied Ma 
terials Corp. ^ J; 9 SStE £ ftTl^ 5 Xy X-e • 315^ 

KT^*#T"Cff 5 r fcas-ctip -r*t>*>, o 

— 5 0 0 s c c m<DA r , 0 — 1 0 0 s c c m<D0 2 , 
0 — 1 0 0 s c c m<7)N 2 , 0— 1 0 0 s c c m(DC 
O, 0— 1 0 0 s c c mCQC0 2 , 0 — 5 0 s c c m<7) 
C 2 PL , 0 — 5 0 s c cmt£>C 2 H 2 £\ 0 — 100 
OUy h^KJ£S*t*:rt«B«R*3j:UC4 0 0-2 5 0 0 
!7y HfcRSSftfc^WiaiT?, 0-14007 y 
/WT^Jtlt, »0. 1-13. 3Pa (^1-10 30 
OmTorr) (Z)flE^Tffl^5 0 r i 5 4*#tt, 
^-y(B¥©RC, a-K-7^^|6 0, 5 0, 4 0* 
l**£ftfc^J:5fc»fftS 0 ^^W»«*i3 0ft 
~><7V<>fT 1 2 5 0>«J*H:, xyfy^jhl2 0jt 

[0 0 2 7] a6|r*5^T, it^7X7.x^y 

14 0, 5 0£gT, 7^>^^^^9 0^g 
¥£ft£ c :W ^i^Xv • ^y^vXli, Applie 40 
d Materials Corp. (D^tvU I P SX^XV • x^f-^ 

T\ ttT^*W=T-CfT5ri:*-et5 0 Ttet>h, 0- 
5 0 0 sccmCOAr, 0 — 2 0 s c c m(D C< Fa , 
0 — 1 0 0 s c c m<7)C 2 F 6 , 0 — 100sccm<D 
CHF 3 , 0 — 1 00 s c cmCDCF* , 0 — 100s 
ccnKDOz , 0 — 1 0 0 s c c mON 2 , 0—100 
sccmOOCO, 0— 1 0 0 s c c m(7)C0 2 , 0 — 1 
00sccm<DCH 3 F£, 0 — 1 0 0 0 9 y V fcWtfe 

^ • ^-v?««^it/^^(S^|tt^ I LD 3 0(D 50 
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4MB&(OgS3 ©xn— . K^^|6 0Wx y fy ^SrJft/hfc 
?M3tfft5 e 
[0 0 2 8] 0 7|;:^-f J: 5l-> 7^fVU^. 

^-^9 0*, ^^fillfl LD3 0|Cfe^3ft 

it"f5£T\ ^/^fill$ILD3 0rt^I<^?^ 
ft£ 0 '^*flSR**I LD3 OCO^y^vXH, f£3 
K-7^^g6 Ot5itfx5/fy^jh|2 0 OOzn 
y^^^SrS/htc-rsftffTTlTtonSo «x.tf, Appl 
ied Materials Corp. «t OBE^^ftT^S^-fvl*' I PS 
XyX-r • 3:y^+fcfflt*5»£fcH:, 
tV\ -f*^^^, 0 — 500scc m<DA r , 0—10 
0sccmC7)O 2 , 0 — 1 0 0 s c c m(DNi , 0 — 1 
OOsccmOCO, 0— 1 0 0 s c c m(DCOz , 0 

— 5 0 s c c m(7)C 2 PL , 0— 50sccmC 2 H 2 
«\ 0-1 0007 5/ hKResnfcrt»WRJ3J:W4 

0 0 - 2 5 0 0 7 y h tRSJf Jxfc^MJSWi-^ 0-1 
4 0 017s/ h\Zs<«(Tx£tlX* ffoO. 1-13. 3P 
a (#J 1 - 1 0 OmT o r r ) 0>J±£j-effll^5 o 

[0 0 2 9] *<D^ HI 8 {C^f <£ 5 t-s /W7125 
S:3iy^>^ffjhJi2 0SrftTte¥L, S«10±coT 
«*Jg^SEtt**S 0 rfttt, If^Xvxyf- 
>^S:Jflv*T, KT©*ttTTffbii5. 0 

— 5 0 0 s c c mCOA r , 0 — 2 0 s c c m<7)C4 F 

a , 0 — lOOscc mCOC 2 Fe , 0 — lOOscc 
m(OCHF 3 , 0 — 1 0 0 s c cm(OCF4 , 0 — 10 
OsccmCDCh , 0—1 00 s c c m(DN 2 , 0 — 1 
00sccm(DCO, 0 — 1 0 0 s c c m(D C Oi , 0 

— 1 0 0 s c c m(DCHj F £\ 0 — 1 0 0 0 7 y h K 
RS£ftfcrt8B«R*3j;tM 0 0-2 5 0 OUy MdR 
££ftfc^gCtt3gT% 0-1 4 0 0!7-7F(:/M7^S 
ftT, &J0. 1-13. 3Pa 1-10 0 mT or 
r) WJE*tfffl^5 0 g§3tfVN-K 
■7^^16 0*5±tf'<A'*(£^1t*I LD3 O^xyf 

y^as*/Mc<es i 5 icatifts. r^xj/^^dih 

6*#Xnir^$rHfr1-5 0 K7^Wpt^lt Ap 
plied Materials Corp. frhWjl $ ft TV ^S^X/l'M x 
PX7XV • 3: J: D % £lTo*fl=T"efT 9 w t 

*"C# 5 B ^^^>, 0 — 500scc m(OA r , 0 — 

1 0 0 0 s c c m<DH 2 , 0 — 1 000 s c cmtONH 
3 , 0— lOOOscc m<DN 2 , 0 — lOOOscc 
m(DN2 Hz , 0 — 1 0 0 0 s c c m<D0 2 , 0 — 10 
0 0 s c cm<DCO, 0 — 1 000 sccm<DCO 2 
Sr, 0 — 1 0 0 0 Uy b<DRFMJlX\ 0 — 140^^ 
*<DmftftX\ mi. 3-133. 3Pa (^10-1 
OOOmTorr) ©£E^T'ffl^5 0 t=yh9t#tt* 
Fremont, California COEKC Technologies^ J: <9 flgjg $ 
ftTV^5*#JEKC 5 2 5 Cu?:ffl^T, ft«±K*a<^ 
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[0 0 3 0] 89lt Su^^^f-y^StlfcPPlC, £ 

Ii 3 o^rf+s-r^r ttcis, «Jg(Z)^^9>r*— > 

3 >^5:ito ^ *7-f "tf^ ->a >"0>tfrl£ % ^ T 1 2 5 

rfc*T#s. 7^f4, mm&&m da, ti, 

W) , AlR£&JR£{b4fe (TaN, T i N, WN) , M 
■k£6JH£»£ (TaSiN) , *tz\t^tlhttn<D®.& 

5. Bit^fi^^^fi, Mft^^ (TaN) 

5, (Ta) (OffJI, IT>-KJia>e>lMt£ix 

6o 2 <D&mt£7 j -rum*, cvD/Pt^t^t 

ZtlftMit^fi^ (T i N) DffJI, (Ta) 

^>»I. «^-Kld*6*rilS*t« 0 iB»j&&jK 
1 3 OfciV^tl 3 5ft fk^»«5pffl{t*fe (c 
MP) C±ot, El 1 0 \Z7jk-t X b lc, G£±£ft<5 0 c 
MP^ntXll ^3CO^- Kvx^l6 0*3*15*2 20 
^-Kvx^i5 0»Sf5^ {£Sf«^c7)f? 1 (7) 
^N^^|4 0»iUl\ gl(Z)/^Kvx^ 

^>f^Sr«BE-f5ri:isa5T?J>S 0 fc^5©»4, CM 
P^tX(t /W«l$ILD3 0t«lU * 

f4, L a n d e r s (C*fT*iXfc*B4*ffF*5 , 6 7 

6, 5 8 7^ftt (rort«*4, #W<W*<0rt£|c:^ 

coynir^m Ml 3 0(1 9>T ^ 1 3 5 (C^LT 30 
MW4Sl^CMPynt^t«iJH5o 
MP^nlr^fcffl^t, 7>ftl3 5^it5 fl 
93<7)»S&IIJS#JI4, S?20CMP:/Pir,x£^tj> 0 r 
C0^2C0CMPypir^(l s 7^tl35h ^3C0/n 
- K^^16 0^^120/^ K^**Jf 4 0£r|& 

[0 0 3 1] CMP7 p PtXCftV>T, *flci3 0*5<t 
^-Kv7^l4 0^ ^-YyTWftl 5 OT^IC 

5 0(4, *©±lCfW3*x5tt0>tHStt 40 

S$li|tll 0-2 0 0nm, £?iI{C{4^3 5 nm 
T'foSo I LD 3 0±^)fill$ • a- 

K^*^Jl4 0t4, y7Sl 5 OCOf+^co^^, 
^fiit*ILD3 0^It5l#^t^ M2<D 

»mte*vy7#nt*. blok (sftffiao -c*>o, 

mZltmi 0-1 0 0 nm, &X£titt5 Onmtfc 50 
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[0 0 3 2] 3l/N-Kv7^^fl, £<bM*Ij2^^ 

5**W©JS2©jHi4*lfcflS:, Eli i*3±tfHl 2 
f-^"t" 0 Ell IfcjSV^C, ^^{S^lE^I LD^\ 2 
-fftt>t>jftl 0 0-2 0 0 OnmOf^f 
I LD 3 2 ir, $J 100-2000 nmCO©$ 
Sr^r-T5±« I LD3 6 tK^B^tlX^Z. k&fk^ 

x, m i (vmmcMu<Dmm*^-fo 2o^ildi3 

2, 3 614, mi 0-2 0 0 nm<DJ?££W1*5ffii&*- 
^y^^^fltJh»3 4fc*oT£*£;h/CV*5 0 
{S^flff I L D © _b«fflS#*3 * tfTfi'J£fl#i4, H CTO 
-C*>54WI44V\ ±TO5>fcj;t>*Tffl$P^(4, 
W^ir-T^r tjjs-ct, ^<o^(Z)»^tf4, «£i4\ 
TftiJILDirLT, KH?fc£#ffifi**0ttttfcffl^ 

[0 0 3 3] «a*3iy9-^^fltJhJl3 4(4, 351*5* 

T, tt«»*<, 0 6tcMLTttWLfc*i*5±tf»2 

(4, S&*^y^^M:Ji3 4fi, JPStfttl 5nm 
WDECVDSft^ynytfcS^ ^s^^fMiJl 
2 0(coV>T±i$Lfc|^CWi:i--5r b&T*% Z> 0 t& 
<0&Mt£M&fyx-y7>ifft±mti; y TMCTStttf 
&tl, J?£a*#Jl 5 nmt'fcSOSG S i COHT'fc 
So Iii*x y fy^j|:|3 4tt, 

[0 0 3 4] B12 K*3^T, *3gl4, ^7125^ 
Sii^3iy^^^flt±Ji3 4"Cflt±i-5*-C, *1<0* 

£ 0 ^^^>-^(4, «a*^ y f->^fltjha3 4SraiB 

l^T^ xyf y^jhf 2 0JT*Se< o ILD320S 
$14, I LD 3 6<OJ¥£ i ^^tV^co-C, /<><T-3i^ 
^>^f4, 7125 ^, Tffl I L D 3 2 Sr^lCii 

+M*-^yf-^^ (7^/|IDL36 
±) Sr^iftrt-nfiftfei*, 7^y^9 0 
(4, fflii^5/^v^ihJf3.4 4r*^5/^^^$tL, 
^:tiW±f4^^^^^$fi^V\ filTifiUfcaiy^y^flt 
Jt»2 0|citi-53iy^^^*ft=H:, Hi2K*Six5 

[0 0 3 5] 21^- ^^^^57^7;^^ 
^•HSfc«**«W©IS3 Ell 3ic^ 
■fo H 1 3 co*igl4, Il^ffiMf^-Kv7yi4 
oasSfe^i^TV^5JSS:»V^T^4, El 1 <D»iftl3Wa LT 
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^S c fEKHu &<0j&S:I&^T, Ull-Ell Otc^JlL 
TRW LfcfRK**i:lRl«lcff teilS. -J-ftto*,, CM 

^SIL^fb, ^-K-77^i6 0^^tl5<t5 
fcSliix5 B r©«Jttt, tfc*ftWTfcfcftT^5«ifi 
K#LT#<©fiJ/SS:*LT*5 9, tt;fc^;b-£^2t-f S 

fiKm* i l d 3 o Sr^rtgic-r s D r <Dmmmx 

It. #a*2Ji^-K^^^tt, SSiS»3 5nmWP 10 

^15 0nm<DPECVDlft->!j3yl (/n— 
7^Jl6 0) irSr^LTV^So 

[0036] mi, mi 3t*sn««iSKafiiu a 

HUtSt. ii30i5l^ fflBMM^-K-^** 
S4 0J1, ^tiTV>5 0 LjS>U (§11 l^fa-fSi 

Iii*x y fy^j|:i3 4 ioT^iJ^lfeTl I 20 
LD3 2 t±M I LD3 6 fc*^*riiSix5 0 

^?|6 0tRit5/S«:»v< 401, Aft 

[0 0 3 7] 3l/N-K^^^^tt6¥-^v/yi 

WM^ I LD 3 0^EJtM<£>7^ yu^fS^tt, 
^y^->^*Jtli2 0asfflt-C*>Sjtt«:l*v^T, Hl<0 
x^T^^W«ig^MO«5t^^LTVN-5 e 7^ 
FU^H8 0^--y^$}x, ^-y^PS 30 

(D/n- K^^|5 0*sjBie»«:gtt*^J; 5 a lift 
60 ^2(7)/N-Kv7^l5 0(7)tffl(l $3«/n-K 
-?X?m6 0 is ?l,1tfflZfTt>tlZ>7* 

i>x MftS^n-fe^fcioTjHK^SrStttti^J: 5t-il 

[0 0 3 8] x-y^l/f . ^Pt^fl, H 1 6lC^-f i 

So El7(7)Xgc7)J: 9f:> 

iSt$ILD3 0i:xyfy^n5o El8i:*sn 50 
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?>tf, iy^^flCjhUfl, ^^>m*£*is^ 

— >3>*sfrfeix, tti^TCMP#fTtoJxT. iiSd&& 
JS£l££-f5o 
[0 0 3 9] 2«^-K7 f >r^^Sr^ri-5^-^^y 
fllit«:<«;i5iai 7tC^-riB6 0||Jfi«Ttt. ffilf*^ 

?W±S2 0&#LXt>£<. *>SVM4^T£*<Tt>.fc 
V\ #1«7fc 0 >^-V • /Ky vS i L K (£& 

iffiS) J: LD3 Oli. Igio 

33±Otty^>^fltJh« (tU »a£i-54fetf) -tic 
tt3t£ftS 0 '<A^ffiWt*I LD3 0±T\ ffiBKtt 
J?£;&S#J3 SnmOPECVDlfti/!) ny^ffll 
^-K^^|50h ^ICttJPStffll'S 0 nm 
(7)PECVD_ifti/y =»^Sr-S'tp|K2^>^- K-^^^ 

I60t, 5Wte-lt&SJl7 0t, 7t h 1/^ hJf 8 

-v^lt, ^y^^u ^7^^y 3 yt^t 

[0 0 4 0] 01 8l^t2l/^Kvx^S:#tS|i 
-^V^>*ig^«^S8 7(D»^J(-1oV>T, |g 3 £7) 

fifofc. mi80«3tfi, x 7 fy^if2 0^tt 

ty-*!)"7SiLK (SftffiflO fc^tr'M^ftWt 
$ILD30i, 0 nmf $^7^77 ^tK^L 
v-y :n>-#— K*fcf4*?j5 0 nm(Dj?:£cDTMCT 
StWf^fcS i COH^J; 5ftOSG£r^tf^l 
^— K^^^J14 0 f$)7 0 nm^f^^ft^PE 
CVDlfti/y 3ySrttfl2 0/^Kv^^i5 0 £ 

tf, /^^ry^L^ x^fy^tt, *9 7<iH—is 
9^-C*TA/U ¥fiftt5 0 Hl9fcSti5C, ^ 

* Mis ortco/<^->2 0 oii N ^feic ffl 
^^7X7 -x^fyy . ^nt^t RltKitttHI 
!7 0J:l:te?^tL^ o |2^-Kv^^|5 

* h y^ h • • iMXtf*, $S2<D$k/M * — 
> ? 210i LT^- K-7^^1[cfi?§n5 «t 5 tc-f 
So |2^^-v?2 10^ Il^^^it)^ 

**Ri:UT*aT*>6*, S2W^^2 0 0^it) 
< "TS r h K#LT*]jft3W*>6 0 J: 9 ^ - 

fcf44v^*, 7-f-^-rlB©»lt«r*#<-f Swift, 

I7 0lt Applied Materials Corp. fr^WlM § ;HT^ 



(10) 

17 

5^7Xv • ly^-v • ^f/H P SWTcO^T'ff^ 
-f &fc>t>, 0~5 0 s c cm?) A r , 0~2 0 s 
ccmOC, Fs , O-lOOsccmWCj F 6 , 0 
-lOOsccmfflCHF. , 0~100sccmCDC 
F. , 0 ~ 1 0 0 s c c mCDOz , O~10Osccm 
©N : , 0~ 1 0 0 s c c mOCO, 0~100scc 
mOCO. Sr, 0~1 0 0 0 7 y h (^^$4xfcF*3gl5« 
SUsitM 00-25007 y Mc®£ £ 

0-1 4 0 07yH;/qrx§n, ftO. 1~1 
3. 3Pa (lll~100mTorr) ©ffj]t'|^ 10 

[0 0 4 1] <£ ^/J^V^O^-v^ 1 Oil, /n- 

*ft3 OfCig^tiS,, 7tH^^Fi8 0j3iO!K 
WB&Jtftgg 7 0 14, ^yi^ffilimsf! iLD30«iy 

ti6 0 z<DmMm-at. Fv-^ h 8 otJii^stt 
z-ktemmxhs* 

[0 0 4 2] #3PJ^ #£(D$?S&||;!i0iJ{cg~3VT 

ttZVm, ^MSrt-atfbO-CfeSo 30 
[0043] ZktbkLX, *mm<Dm$L\m LT«T 

(1) ^ft:TO±»{gpm^Ji^, ^ffwwro^a 

IESS l o^- K-v* ? Jf±^»it ^n^^ftW^m 2 
✓n- K^^^SIr#*-t-5XSt, mriE^ftfcm, hu 40 
fE^-K^*^Jf, 3oitmiE^/i^i£l£mWW£ai 
StMa-fSlSi:. i!tifEi?2<D^- K^x^Jf 

tufa^^ii:Kl:*«w^»L-c, ig 

(2) Il^-Kv^^l^ftSIili, |^2. 
5-8. 0 ©H$?rtt5fiM$W^ttSt5I 
S&^tN ±IE (1) fcfe«cW77!fe 0 50 
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Igfi. ->y k, '>!)3y*-;qK, 

^WFy-fK, #ttS->y^-h#7*, v-y=^ 

h^yy- K *x*->y^r-K ^->p^r-y-^7jf y 
. RlK-/->!)^-F#7X, K-y->y -7" 
-l-#7X, -WUrxdr^-df-y-VTJ'yx, ^h°>^->7y 

Sr&tr, ±15 (2) icffifco^ifc. 

(4) SlW^-K-77;^)i^^#r5lSl±, »10 
~2 0 0 nm«f ^IrlitSf 1 0V>— K^r* ^g&rft- 

*-t-5xs^^tf, ±te (i) iztm<Di>m, 

(5) «ttWiS2©/N-K-7^^Ji±(C!»tt6<])feS3 

^-K^^^e^f+^-rsxe^^bt^^ Mies 
te (i) tfatcOTjft, 

BuieS^^^mlfami^N-K^^^gX 
Wffl^w^tt^gB^^K-f 5, ±SE (1) (cfEttO 
7J!feo 

(7) HMfEt@Sjg^«igrtWiiSJ<o^JS^|^i1-5^it, 
w{t:^«WSXS^$ibl^^. ffFfS^<yu^-iS»l«^ 

^y\z£%m ! g-£<o<nw.'Mfrh&m-tz>, ±ie (6) (c 

^r1-5 2oo^£-*j.;i;5fct6lc, ftf*#^fx.5¥- 
w^t*xS^^> Jiie (l) (clEttWTjfeo 

fSPS*#!4l4, »W^ix^v\ ±12 (1) \zm&(Dj] 

do) SfilE/^i-^ffiSlfl;WW(c, mm^f&M 

¥Htm*Wt.ttZ>TM*:£h\Z-^t*. ±13 (l) i^lEicC 

^ff ±g ^ria it 5 xstcts^ t , suia^-<^^ i&mm mtt 

mt, ±SBi:S^2>*Ifi)cS:W1-5T^^^tf, ±IE (1 
0) (CE«»^& 0 

(12) tia^«3t$r)f^1-5*feT'fooT, ^#<fc 
SfeSrKttSXgt, HUfE^frS«±(c, /^i7$|* 

«1"-5XSi: x ffjiEf?l<D^-K-^*;7Ji±[c % 
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(13) mu*mfemfckm&<ji'?mm&mib(Dm 

ic^s/^v^ff^lSriSittSXS^^fpl^^., low 
U)/q75:i^y^t51, flutes 2/^^^lhl 10 

(12) [ztm<o^m a 

mmfrttPc*. T%.k±wkizftM-fz>, ±ie (12) 

K!Ett©*ft, 

(15) it]fa^</i'i>fg:KttWi|s|.rt(cJS^-y^>^ 

14. ±StS<C5ia«SrWf-5T»^tf, ±IE (1 20 
4) fcS£«©#ifc. 

(16) W!E/^u^^*Wi|sn^(cffiii^s'^^^it 

SBfcfcSMB-rsigSr^*, mJfB±3Bf4, miiET^BJ: t) 
1 oai©/</fr Sr^S'f-^^i-SWIHXS 

Sr. mJfeffiiA^-yf->^±aSt:-^5'^v^i-5XS 

k £^ti\ ±E (14) (Cl5«»*ffi„ 30 

(17) tufH^'l'Tt««W^^#*-r5Buf2XSroHU 

(c-^tf , ±ie (12) (cte<g(7)^j£ 0 

(18) ftulEill, ^2, *3«fcp^3tfVN— K-vj**j§ 

K«:fflv^5J:5ft*-ro##xe-cfT5, ±E (12) 
»ciEft©;fcffe, 

(19) mlfS^-K^x^l^ST. Huffi^/u^pm^ 
*t»*-e, loHiCT-fy^iyfymiSSrJ 40 
fefc^tf, ±E (12) ldfB*©*£„ 

(2 0) ««*©^gfa/j:3Efb*» 

i p k Lfcss 2 ©^- pTxtmt &m*.it. $ffl*m 
(2D i«n2!iS2©^-K^^^JB±icstte)nfc*3 50 
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J*i"4IRl-Sfe**ix5J;5tUfc, ±IE (2 0) KB* 

(22) mumfokmm^tmm&ttmkvmizmi 

bh.tz^yJ-lsyW±m*Zh\zm?Ltz, ±B (2 0) 
(2 3) irE^</i-^R«fr^Sr±S|5tT95tlc^il1- 

ft&-*jSISSr4-*.5J:5lwLfc, ±E (2 0) 

izszmot , m*mfc7 t '<'( 

(2 4) tSS«i^«ig^*i-5^#fr»«T-*oT, S 
tfre£«±WKttfeftfc/<n'*«t*fttm£ % Aft 

JiSSlWA-K^^it, Sute^l ©^- K^** 
g±©^&a>k, iuKill ©^- K^^g&itfituE 

(2 5) huIE^n- Kv^^ili, $j2. 5-^8. 0© 

wt**#-*-5, xte (2 4) tiE«©**ftayg e 

(2 6) UE/N-Kv^^fii, ->!J 3 vt-f 
K, v-y K-fW h7^K, 

!)=>^, tF^if^F-yH-h, ****>y-7- 
— YiJyX, #«->n Jf-tfV7}f y -7-, gJsfi K-7"->y 

***-y-^#7*, ^f^V^y*. *fcli7y*fl: 
->y 4r- h#7*£-£ti\ ±|S (2 4) 

(2 7) H«fB/N— K-v^^H(4, 1)1 0-2 00 nm© 
J?££*-f5, ±12 (2 4) (CfEtt©^«fffi« 0 
(2 8) ^2©^- K-r7.^g/$\ fJie^ 1 ©xn— K-7 

E*l©/>-K^**«$rjk0Uc»-*\ ±15 (2 4) 
|E«©*«»£« 0 
(2 9) ^2ti«tU«^3©^-K^^^g^, SulfiMl 

HuEx^<-rx[^(cttjfe^i ©^n- K-r^^g^^: 
±B (2 8) lcE«©^3i{$S« 0 
(3 0) HNEtaS»^«itl4, ^ea«A»t>B9E*i«) 

\z. mm^~ b'^xfmto&ixm&'Wi'i&mmwt 
Wt, &«-ejte**nfcHPS:^ri-5, ±ie (2 8) 
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[ID *«W©*lW»a**lt«llCftoT, 3jf^ 
Iit-J)5„ 10 

[03] *mM<Dmi<Dft'MtenMmt,c'&^x, 3jg^ 

[04] *&W<r>Wi\<numtmmM\z.'&^T, 3g^ 

nasi *mw<n%ii (Dttrntemmmzfe^x. 3m^ 

[06] *M0Jro^li7)»ig^^Ji01J[C^oT, 3JI/N 
B0T-fc5 o 

[07] *l§P^comiO»S^^igFlllc^oT, 3«xn 
Ilt'feS, 30 

[08] *mw<Dmi<DftMtenmm\zv£^x. 3«^ 

- Y^^f^-r^^r^y-r^ym^m^x^ 

ffi0T**>5 o 

[09] #3PJ»|gl©#;i£j|;6fc0iJ(^oT > 3|/n 

- F^^fZGi-z^x.T/i-y-T'^^ffimzmi^xms. 
mmxhZo 

[01 o] *%w<D%ii(D&mtemMmizft^x, 3m 
ae^«ii ^ff^-r 5 £is su-*- s *mtt?* <4 * <j> 
[01 1] *m\<r)%z<o$$mt£mM.m\z.'&^x, 3« 

[012] #^roig2ro#S&3lJfe0<Jic:t£oT, 3J1 
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[013] #3PJ!©g5 3ro#iI&|?te#J^oT > 2m 
»ffi0T*&5o 

[mi 4] *%w<D%i4<D&'mt£mm&Hc'&^x, 2m 

[015] *^^cm5W»®^^ffi0iJ(^oT, 3J1 
irS0T'fe5 o 

[016] *:^?^w^5ro$fii/i^JSfiaj(^oT, 3g 

[0i7] %w¥\^%%<nuwmm.m\^^x, 2m 

[018] *«^©m7©»ii^HJi£Fi)(^oT > 2M 

mmmxhh. 

[01 9] *!§H^roB7(0$fig^||ig^i)(C^oT:, 2jf 

ifffi0T"fc5 o 
[02 0] *^»B7ro»if/ < c3|1ifi|(c^oT, 2H 

iff®0Tfc5 o 
[^©ffc^l 

1 0 mw. 

2 0 ^-yf-V^±Jl 

3 0 ^l^ffi^fl* I LD 
3 2,3 6 I LD 

3 4 ffiji^s/^mitJI 

4 0 %l <7Vn- 

5 0 |?2c7Vn— K-v*^Jf 

6 0 ^3©/^-K^^.^S 

7 0, 1 0 0 %.&&5±mm (ARC) 

8 0,110 7* h Uv?^ hJI 

90, 120, 200, 210 -i *y 

12 5 aWT 

130 &m 

13 5 7^ 

150 *^y?m 
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